The fracture resistances exhibited a statistically significant difference between all the groups. Teeth instrumented by SAF exhibited a better fracture resistance.
INTRODUCTION
Root canal system instrumentation is an essential aspect of endodontic therapy, which aims to thoroughly debride, while maintaining the original shape of the root canal without harming dentin integrity. 1 Vertical root fracture (VRF) is a challenging complication that may occur during or after root canal treatment procedures. In root canal preparation, dentin is removed, which compromises the fracture strength of the roots. One of the important causes of endodontic failure is VRF. The predisposing factors contributing for VRFs include the loss of tissue, dehydration of dentin, effects of irrigation solutions, and use of excessive pressure during root-filling procedures.
Over the last few decades, endodontic instrumentation has evolved on the line of technological advancements. The currently used motorized file systems consist of a solid metal core, with rotating blades and flutes. These files are designed with increasing taper, resulting in active cutting, and relative removal of more dentin. In addition, excessive taper results in more removal of dentin reducing the fracture strength. From a fracture mechanics point of view, the presence of structural defects, cracks, or canal irregularities is likely to play a major role in determining fracture strength because an applied stress may be exponentially amplified at the tip of those defects.
Recently introduced self-adjusting file (SAF) (ReDent-Nova, Ra'anana, Israel) is designed as a hollow and flexible file that adapts itself to the root canal shape. It addresses higher percentages of the irregularly shaped root canals than the rotary/reciprocating files, providing a cleaner radicular dentin surface for successful threedimensional obturation. 2 Owing to abrasive surface, SAF abrades the dentin from the entire perimeter of the canal maintaining dentin integrity. The SAF is a system of root canal-shaping irrigation that in the emerging literature is proving to be minimally invasive. In comparison to rotary files, it is shown to respect the root canal integrity in a much more superior way.
Reciproc reciprocating file is currently one of the leading reciprocating systems available with M wire technology and advantages of reciprocation. It has shown to have a higher resistance to cyclic fatigue. Reciproc is IJCDR a single file system with a canal preparation time of onefourth of the time taken by contemporary nickel-titanium (NiTi) rotary files.
Another element directly related to the fracture resistance is the creation of microcracks in radicular dentin. All the currently used rotary and reciprocating files create microcracks ranging from 18 to 60% in the roots instrumented. Various studies have been reported on the fracture resistance of teeth and formation of microcracks in the radicular dentin. Till now, there are only few reports on comparing fracture resistance of teeth instrumented by Reciproc reciprocating file system and SAFs. Hence, the purpose of this study was to assess and compare the fracture resistance of the teeth after the instrumentation by SAF and Reciproc Files that were and were not obturated using the warm vertical lateral compaction technique.
MATERIALS AND METHODS
A total of 75 extracted human mandibular premolars with single root canals were selected and stored in 10% buffered formalin. The teeth were examined with a stereomicroscope under 10× magnification to detect craze lines or cracks. The coronal portions of all teeth were removed by using a diamond-coated disk under water cooling, leaving roots approximately 13 mm in length. All the roots were measured with respect to buccolingual (BL) and mesiodistal (MD) diameters using vernier caliper. The roots were weighed with high-sensitive precision analytical balance (WENSAR). This parameter were assessed by using the analysis of variance test (p = 0.457 for the weights and p = 0.989 for the products of the BL and MD diameter.)
The roots were distributed into four experimental groups and one control group (n = 15)
Group I Control: No Instrumentation or Obturation
The root canals were not shaped or obturated.
Group II: Instrumentation with SAF without Obturation
The root canals were prepared first with 20/0.04 rotary file for glide path. The SAF system was used with an in-andout vibrating hand piece combined with an RDT3 head (ReDent Nova, Ra'nana, Israel) at a frequency of 5,000 movements/minute with an amplitude of 0.4 mm. Irrigation with 2.5% NaOCl was applied through the hollow file throughout the 4 minutes of operation. The irrigant was continuously provided by a VATEA peristaltic pump (ReDent Nova), which comes with the SAF system at a rate of 4 mL/minute. After instrumentation, a final flush was applied using 5 mL 17% ethylenediaminetetraacetic acid for 15 seconds and 5 mL 2.5% NaOCl for 1 minute, followed by the final rinse with 5 mL distilled water.
Group III: Instrumentation with SAF using Warm Vertical Compaction Technique
The root canals were instrumented and irrigated in the same way as those in group II. An individual gutta-percha master cone #40 with 0.06 taper (Dentsply-Maillefer, Ballaigues, Switzerland) coated with AH-Plus sealer was fit with tug back in each root canal and obturated with warm vertical compaction technique. The excess material was removed and condensed with a cold plugger for 5 seconds at 1 mm below the canal orifice.
Group IV: Instrumentation with Reciproc Rotary Files without Obturation
A size 20 hand file was inserted passively to the working length and then a R25 Reciproc file having a size 25 at the tip and a taper of 0.08 over the first 3 mm were used in a reciprocating, slow in-and-out motion according to the manufacturer's instructions. The flutes of the instrument were cleaned after three in-and-out movements (pecks). The irrigation protocols were the same as for the standard preparation technique.
Group V: Instrumentation with Reciproc Rotary Files using Warm Vertical Compaction Technique
The root canals were instrumented and irrigated in the same way as those in group IV. An individual Reciproc filling gutta-percha master cone R25 coated with AH-Plus sealer was fit with tug back in each root canal and obturated with warm vertical compaction technique. The excess material was removed and condensed with a cold plugger for 5 seconds at 1 mm below the canal orifice.
The roots of all five groups were kept at 37°C with 100% humidity for 7 days to allow the sealer to set.
TESTING FRACTURE STRENGTH OF SAMPLES
Self-cured acrylic resin was used to prepare acrylic resin block using cylindrical metal molds (25 mm high and 10 mm in diameter). The apical root ends were embedded vertically in 4 mm of the acrylic resin, exposing 9 mm of the coronal portion of each root. The roots were hydrated with a wet towel until they were ready for strength testing.
An instron testing machine running at a cross-head speed of 1 mm/minute was used to fracture the roots. A steel conical tip (diameter = 0.5 mm, tapered at 60°) was mounted and aligned with the center of the canal orifice parallel to the long axis of each specimen, and the load necessary to fracture was expressed in Newton. Data obtained were subjected to statistical analysis to attain the final results.
STATISTICAL EVALUATION
The variable fracture load was continuous and thus summarized as mean and standard deviation. The values obtained were checked for normality; statistical analysis was performed by Shapiro Wilk test. Keeping in view the nature (continuous) and distribution (normal) of data, inferential statistics were performed using parametric tests of significance.
Inferential statistics were performed using one-way analysis of variance test. One-way analysis of variance test was used for intergroup comparison of fracture load. Post hoc pairwise comparison was done using post hoc Tukey's test. For all the statistical tests, "p" was less 0.05 was taken to indicate significant difference.
RESULTS
The fracture loads of the roots and other variables in the five groups are shown in Table 1 . Statistical analysis confirmed the standardization of roots among groups with respect to weight, BL and MD diameter, and multiplication of the BL-MD diameter. The intergroup comparison of BL diameter of canals showed that there was a statistically significant difference in the BL diameter of canals of specimens among five groups. The BL diameter of group II specimens was found to be significantly higher than that among specimens in other groups. The intergroup comparison of MD diameter of canals showed no statistically significant difference in the MD diameter of canals of specimens among the five groups.
The comparison showed no statistically significant difference in the product of MD and BL diameter of canals of specimens among five groups. The weights of the roots were tested statistically, and no significant differences were found between groups.
All of the roots were fractured vertically in the labiolingual direction during testing.
The intergroup comparison of fracture load of canals showed that there was a statistically significant difference in the fracture load of specimens among five groups.
The fracture load of group III specimens was found to be significantly higher than that of all the other groups. It was followed by groups I, II, V, and IV in decreasing order. Although fracture load of group I was more than that of group II, this difference failed to reach the level of statistical significance. Similarly, fracture load of groups II and V also did not show any significant difference, but fracture load of group I was significantly higher than that of group V. Fracture loads of group IV specimens were significantly lower than that of all the other groups.
In the present study, it was found that group III showed the highest fracture load (359.15 N) and group IV showed the least fracture load (231.51 N).
DISCUSSION
The strength of endodontically treated teeth is affected by several predisposing factors, such as excessive loss of tooth structure due to caries or trauma, dehydration of dentin, access cavity preparation and biomechanical preparation, undesirable effects of irrigation solutions, excessive pressure during filling procedures, and preparation of intraradicular post space. Experimental studies have shown that excessive removal of dentin during root canal preparation, post space preparation, and obturation procedures increases susceptibility to root fracture. Clinically, these fractures may decrease the long-term survival rate. During shaping, geometric design of various rotary instruments also affects the root stresses.
Reddy et al 3 determined fracture resistance of tooth roots after different instrumentation techniques and concluded that conventional hand instrumentation technique showed highest fracture resistance with least amount of dentin removed. In another study, authors found that hand instrument has more resistance when compared with a rotary instrument. 4 Over the last decades, technological advances in endodontic treatment with rotary instruments have led to new design concepts. 5 Various studies concluded that rotary instruments exhibit higher performance than hand instruments, such as easier, faster, and better root canal shaping and less apical canal transportation. [6] [7] [8] Recently, manufacturers have introduced a new generation of rotary instruments with a variable cross-sectional design and different working motions, which complete canal preparation with only one instrument. 
IJCDR
Single file techniques used for root canal preparation are mostly based on practicability, simplicity, and lower stress values on root canal walls than others. 9, 10 To the best of our knowledge, there are few literature on comparative analysis of SAFs and Reciproc rotary files systems regarding fracture strength. The present study was, therefore, taken to evaluate and compare the effect of SAF and Reciproc reciprocating file on the fracture strength of roots, with and without obturation.
Standardization of the samples is an important factor in mechanical testing. Dimensional variations of the roots, extraction time, and storing conditions might affect the results of a study. 11 It would be difficult to show statistically significant differences with this wide range of randomly collected extracted teeth. 12 In some studies, BL and MD diameters were measured, but the weights of the roots were not measured. 11, [13] [14] [15] In this study, as similar teeth as possible were selected, and the diameter and the weight of the root were measured where BL diameter showed statistically significant difference, MD diameter and weight showed no statistically significant difference among all five groups, but the change found in BL diameter did not make any difference in standardization of the tooth. This can be attributed to a similar study conducted, which concluded that the volume and weight of the roots had a more significant effect than BL and MD dimensions. 16 This implies that volume or weight had greater importance regarding the prediction of fracture strength. Authors resulted that the properties with higher correlation coefficient mean higher effect on root strength, 16 but the results of the present study showed that the weights of the roots had a medium correlation with fracture loading. However, multiplication of the BL and MD diameter had a low correlation with fracture loading as the standardization of the samples was done before mechanical testing to ensure homogeneity in the results.
Wu et al 17 conducted a study to compare mandibular premolars and canines with respect to their resistance to VRF, and they concluded that instrumented mandibular premolars have a higher risk to fracture than the uninstrumented mandibular premolar, which comes in favor of present study where group I showed higher fracture resistance than groups II, IV, and V.
Root canal instrumentation using the rotary and reciprocating files reduces the fracture resistance of the instrumented tooth up to 30%. 17 Kim et al 18 reported that the rotary files generate a stress of 311 to 368 MPa on the outer surface of the dentin. The tensile strength of the radicular dentin is 106 MPa. The stress generated by such files is three times larger than the strength of the dentin, resulting in microcracks. These files possess a solid metal core with flutes and blades for increased cutting. Also, the large-sized taper of these files results in excessive, unnecessary removal of the dentin, thus weakening the root, and such aggressive cutting of the dentin may contribute to microcrack formation.
In a study, the authors concluded that file design affected apical stress and strain concentrations during instrumentation, which were linked to an increase in dentinal defects and canal deviations. These, in turn, were associated with increased VRF susceptibility because root canal obturation and final restoration can initiate or propagate cracks from such defects. 19 Reciprocating files create a larger number of microcracks, 18, 20 which may be the reason for the reduced fracture resistance exerted by the teeth in groups IV and V in the current study.
Reciprocating files are characterized by a triangular or modified triangular cross-section, resulting in a low cutting efficiency and less chip space. An increased cutting ability is usually associated with an improved cleaning efficacy, and the reciprocal motion seems to enhance debris transportation toward the apex and may result in increased torsional forces. 21 The study done by Bürklein et al 20 was in agreement with the present study; they reported that this newer generation reciprocating instrument, Reciproc reciprocating files, caused significantly more microcracks than a full sequence of rotary files, which may be the cause of less fracture resistance exhibited by the teeth in groups IV and V instrumented by Reciproc files in the present study.
The discrepancy between the apical size of rotary/ reciprocating files and the actual cross-section of the apical part of canals led to the recommendation to use larger files for apical preparations in order to address the entire perimeter of the canal wall. This often results in the excessive removal of dentin in the apical third reducing the strength. 20 The SAF is a hollow file composed of NiTi lattice. It is devoid of any metal core or flutes and blades; it does not cut the dentin. Instead, it has an abrasive surface that abrades the dentin, restricting the removal of the intact dentin. 2, 22, 23 It has been reported in the literature that the instrumentation of the root canals using the SAF system resulted in least dentinal microcrack formation. 24, 25 Similar results were found supporting the existing literature that the root canal instrumentation with the SAF with obturation exhibited a higher resistance to fracture when compared with the other groups.
Yoldas et al 24 and Liu et al 26 conducted a study that was in favor of the present study. They found that the samples instrumented with SAF and hand files exhibited no microcracks in the radicular dentin.
The less stress generation and no microcracks formed in the radicular dentin could be attributed to the higher fracture resistance of the teeth instrumented by the SAF in the study reported by Pawar et al, 27 which also favors the present result.
Kim et al 28 reported that the stress generated by the SAF was approximately 10 MPa, which could be attributed to the very few-to-no microcracks created using SAF, thus increasing the fracture resistance of the treated teeth.
The result of this study and other previous studies that were in favor of the present study showed the fracture resistance of teeth comparing teeth instrumented with SAF and ProTaper rotary files obturated with guttapercha and AH Plus sealer and found that the SAFs exhibit highest fracture resistance. 29 The root canal sealers when used result in filling the gaps between gutta-percha cones and the walls of the radicular dentin. 30 It had been reported in previous studies that epoxy resin-based sealers have higher adhesion to root canal dentin and deeper penetration into dentinal tubules, resulting in higher retention of the filling material by mechanical locking between the canal walls and the sealers. 31, 32 Hence, a combination of gutta-percha and AH Plus sealer was used in the present study to improve the fracture strength of an endodontically treated tooth.
In the present study, obturation of the root canals with an epoxy resin-based sealer, AH Plus, significantly strengthens the roots compared with the instrumented, but not obturated ones. These results corroborate those of a previous study in which authors concluded that AH plus showed better fracture resistance among the sealer groups where they compared the effect of two resin sealers and a mineral trioxide aggregate sealer on the fracture resistance of endodontically treated teeth. 33 Chadha et al 34 also compared a study to evaluate the effect of various obturating materials on fracture resistance of root canal-treated teeth, where the authors found that teeth obturated with AH Plus + gutta-percha are more resistant to fracture than those obturated with Resilon-Epiphany, zinc oxide-eugenol, and unobturated group.
The use of incubator in which the roots were placed at 37°C with 100% humidity for 7 days was to allow the sealer to set before strength testing in the study to facilitate sealer to set completely.
Bone support and the periodontal ligament are important for the mechanisms of stress distribution over teeth. The root embedment material should reproduce bone capacity to absorb masticatory load and thus support the compressive and tangential force in a fracture resistance test.For this reason, acrylic resin was used to embed the samples. 35 For the present study, before mechanical testing, each root was embedded vertically in an acrylic resin block leaving its coronal 9 mm exposed. This design is more relevant clinically, as it efficiently simulates the support given to healthy teeth by alveolar bone and results in less catastrophic stress buildups caused by unrealistic bending movements. 36 Fracture strength is commonly evaluated to assess the weakening of the root after different procedures, and it involves application of an external force until the root fractures. Several studies showed that instrumentation of the root canals induces craze lines and incomplete cracks, whereas the SAF has a tendency to cause less dentinal cracks when compared with other rotary NiTi files. [24] [25] [26] When an external force is applied, the craze lines and incomplete cracks in the dentin may become high-stress concentration areas from which the crack may gradually propagate to the root canal surface. 37 Vertical root fractures are the end results of the propagation of a crack. 19 The results of the present study indicate that the instrumentation decreases the fracture resistance of teeth by either SAF or reciprocating files. The samples instrumented using the SAF exhibited better fracture resistance when compared with the other experimental groups.
CONCLUSION
Within the limitation and standardization conditions of this study, it can be concluded that the samples instrumented by the SAF exhibited a better fracture resistance when compared with Reciproc reciprocating file systems when not obturated or when obturated with gutta-percha and epoxy-based sealer. Further studies are required with long-term trials with varying parameters simulating the clinical conditions.
